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13 September 1962 
#136-022 


Dear Jack, 


Inclosed for your information is a copy of a thermal 
test report that we discussed on 30 August. 

The results indicate that good performance can be 
achieved with the expected internal environment. The tests did not, 
©f course, simulate the external environment. 

The preliminary test plan is also inclosed. The assump- 
tions on which it is based may or may not be valid, but a meeting at 
Ed M.*s shop is tentatively planned for the week of September 11+ or 
September 21. After the meeting a more detailed plan can be prepared 
and a tentative schedule arranged. 


WRE/map 



Enclosures ( 2 ) 
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From: 



0 SA h /&?>../*. 


Subjects tteJitat&e R 1P W 'fe-st Program 

Referents^: 1-fesjo For Record, BL8-1013* dated May X3j> 19&8: 


A tentative n P K 
upon vd&Sals teg* variables 


Test Program has been ©stefeiisfed contingent 
such as flight profile and V/H raagfeo The 


program helot# assumes a complete 
ation© should they «se nftesssaiy c 


syatess oparabla and is ibllovsd by varl~ 




lo System operation in vehicle using vehicle ground power 
equipment? 

2» Shake ’lost on I-S mounted ay-gbss in T#hS@l®o All camera 
©c»apou*sa.t-s affecting operation ma% fee measured f©5? tm~ 
desirable vibration modes* 

So System operation in vehicle using vehicle engine power 
if feasible 0 



Flights) 


lo Flights to establish focus 9 verify espoeus?©, ass define 
operational capability with or without 1 S /K sensors 


a« Equipment focus and eapoaans must te 
sufficiently accurately determined t© 
evaluate thermal program to ftiLlmtc 

ho During this teat* thermal equipment Is 
to operate at hast predicted cenditloae 

e ? Equipment to be operated partially fsm 
programed V/H and partially from ?/H 
aonsor> 

do Tost M System if thermal, situation aHew^o 
If notj, this test will be accomplished uafier 
Phase Do 
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Phase C ° Thermal (A Flights) 

lo Operate with blanket heaters for as long a flight profile 
as possible, up to maximum normal-cruise flight duration 

2o Repeat without blanket heaters* 

3° Evaluate performance versus time under simulated or real 
flight profile conditions* 

4* Use performance versus time data to fly complete progressed 
focus and flight profile test* 

Phase P. - System (3 Flights) 

lo Total system teato 

2o Total system test* 

3o Total system testo 

laslaMaasi 

Condition I : In event the vehicle operates at the predicted lower 
speed capability, and at full altitude, the following 
changes are anticipated: 

a* The first thermal test (with blanket heaters) 
will not be necessary* 

b* The test flight program would attempt partially 
to simulate the final article condition to be 
met later* This simulation would appear in ona 

of the latter tests* 

/Jo7~ 

Co The V/h Sensing Device will/be operational o 

Programmed V/H will be used throughout., A gear 

drive change would.be used instead of new earn 
it an error analysis now being made on the 

cams will allow. 

Condition II : In event the vehicle can be operated at the predicted 
"" ” lower speed capability, and at K20 to K25 altitude, 

the following changes are anticipated: 

a* The first thermal test (with blanket heaters) 
will not be necessary* 

bo Inasmuch as the V/fl would be approximately 0*029, 
the V/H Sensor or a Programmed V/H could be used 
with the present cams and gears o Further inves- 
tigation may deem it desirable to make a gear 
change so as to operate nearer the 400 cps 
nominal drive frequency. 
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Additional gotaaents: 


As soon as the acutal test flight profiles are known, a pro- 
gram of focus position versus time will be tentatively determined from the 
injhouse thermal test data* Instrumentation will be planned so as to monitor 
this program in flight both thermally and for fooue position* 


A time, schedule to accompany this field test series will ha 
prepared as soon as actual vehicle operation parameters are known* 
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MEMO FOR RECORD 


OSA 


From 

Enclosures: 1 , Table I - Tabulation of Several Measured and 

Computed Temperatures 

2 . Thermal Photographic Tests - #13, #14, #15, and #16 
and 

Thermal Tests #17 and #18 

3° Schematic Diagram of Simulated "Oven-Bay" 

"LenB Cooling" Thermal Test Set-Up 


Subject: Simulated Oven-Bay Thermal Test Results 


I . Introduction: 

This memo documents the results of a series of thermal tests 
conducted "in-house" during the period from June 5, 1962, to July 26, 
1962 0 The tests were conducted to provide a preliminary evaluation 
of the basic features of our configuration thermal design. These 
features will be incorporated, during future field tests, when the 
system is subjected to a severe thermal environment c 

As a brief review, the major thermal design features in ques- 
tion include the insulated wall or so-called Oven— Bay enclosure surround- 
ing the main optical window and panning mirrors, and a cooling jacket 
which is furnished with controlled temperature cooling air around each 
lens unit. Optical communication between the panning mirrors, located 
inside the Oven-Bay, and the lens units, located outside the Oven-Bay, 
is through two double-glass thermal vacuum window units mounted in 
the oven-wall immediately in front of each lens unit» To carry away 
heat flowing toward the lens elements from these windows, the lens 
air cooling supply is first routed into a narrow cavity formed between 
the vacuum window units and the front element of the lens assembly. 

The overall ambient environment will be air at an absolute 
pressure of 1.5 psi. The temperature at the lens units will remain 
constant at about 84°F; however, within the Oven-Bay it is expected 
that the temperature will range from -20°F to 490°F. Accordingly, 
the main optical window, the thermal vacuum window units, and the 
panning mirror units will all be subjected to severe thermal transients, 
potentially high heat fluxes and large thermal gradients during the 
entire period of reoorder operation- To minimize thermal gradients 
and heat flows, the panning mirrors will be fabricated of either 
aluminum or beryllium and the inside surface of the oven cavity will 
be finished to a low emissivlty. 
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I. Introduction : (Continued) 

To date, we have had no actual flight experience with high 
resolution optical recording systems operating within such an adverse 
thermal environment; yet, an analysis indicates that the thermal de- 
sign briefly described should provide adequate protection and enable 
the system to produce good quality results. To gain some experimental 
support for the adequacy of this design the "in-house" thermal tests 
were designed to closely siumlate the conditions expected during opera- 
tion with the actual hardware. In reality, it was not possible to 
include those effects which will be produced by the main optical window 
and external boundry layer, but otherwise the tests can be considered 
close approximations to the actual situation. 

II. Conclusion: 

Excluding any unforseen disturbances that might be caused 
either by the external boundry layer or by thermal gradients in the 
main optical window, which factors were not made a part of this testing 
program, it may be concluded that our current "Oven-Bay - Lens Cooling" 
design concept will be successful in providing an optically compatible 
system and should enable our configuration to perform and meet the 
system resolution design goals within the anticipated surrounding 
thermal environment. 

This conclusion is supported by the test results in Section IV 
of this report. 

III. Summary of Recommendations and General Comments : 

Functionally the "Oven-Bay - Lens Cooling" thermal design 
concept is satisfactory, but a large amount of work still remains in 
order to put the actual hardware into good working condition and to 
mechanically fit it to the P-Model configuration. The assembly work 
will be both time consuming and painstaking and extreme care will be 
necessary to fulfill all design requirements. 

The Oven-Bay walls and lower convection barrier must be 
meticulously fitted to allow freedom of movement both for the sector 
arms and for configuration attitude corrections. Further, the walls 
must achieve their purpose of providing a maximum of thermal insulation 
and the least possible number of exposed holes and cracks. A con- 
siderable amount of care will be required to locate and support both 
the heating blanket and the aluminum hardshell inside the oven cavity 
in order to avoid interference with the panning mirrors; and proper 
attention must be given to providing the low emissivity requirement 
(0.1 or less) on the interior surface of the cavity hardshell. 


Approved For Release 2002/10/16 : CIA-RDP67B00511R000100140014-1 


Approved For ^^ase 2002/10/16 : CIA-RDP67B0051 1^)0100140014-1 

Simulated Oven-Bay Thermal Test Results ~3 July 31> 1962 

JJM-318 


III. Summary of Recommendations and General Comments : (Continued) 

To avoid the accumulation of volatiles, which can condense 
in thin films on the panning mirrors and vacuum windows, all parts 
used within the Oven-Bay must be thoroughly cleaned and pre-baked 
at a minimum temperature of 500°F. In connection with this problem, 
possible oil contamination of Oven-Bay parts, during operation, from 
the vehcile cooling air may prove to be troublesome, and may necessi- 
tate the use of an Oven-Bay plastic hood protector. 

A critical review appears to be in order for all structural 
fasteners used within the hot Oven-Bay in order to be certain that 
they will not loosen-up during operation. In this review careful 
attention should be given to the flexure pivots supports used for 
mounting the panning mirrors. 

The vacuum window units are satisfactory as currently designed 
and fabricated; however, using the gold "emissivity-control" coating 
as a window heater produced undesireable image results and therefore, 
it will not be used for this purpose during future operation. Accord- 
ingly, all electrical controls associated with these heaters can be 
eliminated. 

The controlled temperature air cooling system for each lens 
unit works exceptionally well. It is self-balanced for air dis- 
tribution, and following assembly will require only one pre-flight 
test to adjust the recommended temperature control setpoint somewhere 
between 83°F and 85°F. To avoid air "flutter" all forms of thin, 
tubular, plastic film materials must be avoided in the air supply 
duct work. In addition, all air handling components such as ductwork, 
lens cooling air distribution plenums around the lens units, air 
preheaters, gyro cooler, and the air filter must be securely mounted. 

A potentially serious problem was discovered in connection 
with the possibility of temperature damage to the surface of the mirrors 
at temperatures over 400°F<, A thorough investigation 'should be made 
to determine the reliability of the current coatings at high temperature 
and possible methods by which the durability of these coatings can be 
improved. 

Complete success of our system requires, not only an individual 
acceptable operational performance, but that it be compatible with 
both the vehicle and stable platform interfaces. Mating of thermal 
hardware with the vehicle and stable platform, should proceed at the 
earliest possible date. In particular, an early evaluation is needed 
of the disturbing torques and resistances which the lens air cooling 
system and Oven-Bay convection barriers will add to the stabilization 
system. 
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IV. Re sults and Discussion 
A. Environment 

An atmosphere of air at an ambient pressure level of 1.5 psia 
(3.06" Hg abs) is sufficient to avoid atmospheric boiling and 
optical "shimmer-pattern" degradations even with Oven-Bay wall- 
to-wall temperature differences as great as 250° F. 

At no time during the test program was evidence noted of "shimmer- 
patterns" created by the heated air atmosphere within the test 
cavity. Repeated examination for this effect was made by visual 
observation, using a 100X microscope, under widely varrying tem- 
perature gradients. 

It might be added, that on one ocoassion an attempt was made to 
determine the level of pressure which will cause atmospheric boil- 
ingo In this particular test the cavity walls were not being 
heated, but were maintained at the final steady state temperature 
levels for the case of a non-heated Oven-Bay wall. An absolute 
critical pressure value was never obtained, but it was observed 
that a total pressure in the order of 2.5 psia appeared question- 
able. As such, the intended operating level of 1.5 psia allows 
an ample safety factor* 


s-vacui 


Window” 


At a cooling-air mass flow rate of 3 lb./min. which is first in- 
jected into the cavity located between the vacuum window and the 
lens and next removed by passage from front to rear along and 
through the lens assembly, no evidence of optical photographic 
degradation of any type was detected. Numerous trials to induce 
vibrations in the lens and other critical optical components by 
cycling the air "on" and "off", and by varying the mass flow to 
as high as 6 lb./min. all failed to show any degrading effects 
on image quality. Repeated attempts to trace occasional vibra- 
tions back to this air supply system were unsuccessful. Intensive 
study of the image with a 100X microscope, detected no atmospheric 
boiling, or image "shimmer effects", induced by this cooling air 
system over a range of vacuum window surface temperatures exceeding 
400 F inside the oven test cavity. In fact, as reported under 
miscellaneous findings, the cooling effect of this air system 
actually avoided atmospheric boiling and "shimmer" outside of the 
test cavity, which was eecurxdmg during initial tests, when the out- 
side surface of the inlet vacuum window became warm. At a critical 
temperature level which was reached at about the midway— point of 
each test, boiling would begin-. The lens cooling air system, when 
applied to this window, cerrected the problem. 
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B * Air Cooling of Lens and "Lens-Vacuum Window" Cavltv (Cont’d.) 

The main purpose of this cooling air together with the attendant 
air preheaters and temperature control system is to maintain an 
isothermal lens throughout the entire operational mission. To 
accomplish this, a pre-determined maximum lens temperature level 
is selected, arrived at on the basis of expected maximum heat 
gains to the lens from the Oven-Bay vacuum window. Prior to heat 
generation within the Oven— Bay, the air preheaters maintain this 
setpoint temperature, but as heat is evolved from the Oven-Bay, 
a proportional temperature controller throttles the preheaters 
off in order to maintain the lens setpoint temperature. Thorough 
and numerous tests of this control system showed that it works 
as designed. Variations in lens temperature across the first lens 
element were less than 2°F, even when the air environment on the 
underside of the cooling jacket was heated to about 145°F, and 
the total variation in temperature from front to rear of the lens 
never exceeded 3°F . This control was maintained under conditions 
of air inlet temperatures varying up to 5°F, and with Oven-Bay 
heat loads ranging from zero to steady state maximum. In addition 
to recording temperatures, further evidence of control was obtained 
by observing periodic increases and decreases in electrical power 
supply to the preheaters. 

c * Photograph ic Resolution 

As listed in Step D, below, the photographic resolution, recorded 
on SO-243 film using a USAF 1951 resolution chart (reproduced 
4^1 line s/mra) was limited by a great number of factors. Neverthe- 
less, resolutions made with both l/60 sec. tungsten filament 
expsoures and 1/1000 sec. strobe light (through a 0.4 N.D. filter) 
exposures exceeded 100 lines/mm (both directions) throughout the 
entire two hours heating period of all tests conducted without 
heated cavity walls, but dropped to about 60 - 70 lines/mra from 
about the midpoint to the end of each test where the cavity walls 
were heated. 

The decrease in resolution, on those tests employing the use of 
heated cavity walls, apparently resulted from an introduction of 
larger thermal gradients m the mirror, and greater unsymetry in 
the center to edge temperature isotherms on the two vacuum window 
units. These larger temperature gradients were a direct result 
of an increase in the rate of heating of these optical components, 
as influenced by the warmer cavity walls. 

Resolution read with a 100X microscope was usually in the order 
of 180—228 lines/mm regardless of the various test conditions and 
parameters. On occasion, during those tests where the cavity walls 
were heated, microscope readings as low as 128 lines/mm were obtained, 
but there was always the question as to whether these low readings 
might not actually have been caused by building vibrations. Micro- 
scope examination never revealed clear, unmistakeable evidence of 
image astigmatism caused by thermal effects, although on occasion, 
usually in the case of a heated cavity wall test, some astigmatic 
signs were indicated* 
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C. Photographic Resolution (Cont'd.) 

All photographs and microscope readings were made with a red 
filter in the system located in the optical path just ahead of 
the vacuum window unit which admitted the image from the collima- 
tor to the test chamber., 

Because of vibration and lack of source intensity, the 1 ms strobe 
exposures were much more reliable and more repeatable from test 
to test than were the l/60 sec. tungsten filament exposures. 

Enough crossover data was obtained, under fairly ideal conditions 
of vibration and exposure light intensity, however, to affirm 
the fact that the l/60 see. exposures under proper conditions 
resulted in giving nearly equal resolution readings. Thus, it 
is believed no favorable advantage has been taken in reporting 
resolution readings made with the 1 ms strobe light source. 

In all tests, inspection of resolution as a function of mirror 
thermal hisotry definetly showed a loss in resolution as the 
recorded rear surface mirror gradients began to peak. The gradient 
usually peaked at about 40 minutes, following which this peak 
decreased only slightly throughout the balance of the two hour 
test. With regard to this fact, it should be mentioned at this 
point, that these tests were all conducted with considerable dis- 
advantage in terms of mirror thermal gradients. All tests involved 
starting with a cold 75°F mirror and raising the surrounding wall 
temperatures rapidly to 500°F in accordance with the anticipated 
rate of heating during the second phase of the actual mission. 

Thus, this test condition imposed a severe thermal gradient be- 
tween heat source and the mirror with subsequent high flux heating 
during the entire photographic period of the test. Under actual 
operational conditions the mirror will be preheated during the 
first phase of the mission to about the same temperature level 
to which the mirror arrived near the end of these tests. In other 
words, the mirror will be preheated prior to actual system opera- 
tion and the thermal gradient between both the mirror and the oven 
walls and between the mirror and the optical window, will be much 
smaller (less than one half over the entire mission) than it was 
in these tests. This in turn will produce less heat flow to the 
mirror and result in much smaller mirror thermal gradients. Since 
resolution is definitely a strong inverse function of mirror dis- 
tortion, the optical limitations from this thermal gradient source 
will be considerably smaller under actual operating conditions. 

It might further be stated that mirror thermal gradient improve- 
ments will be achieved, during actual operation, as a result of 
the panning action of the mirror. 
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D. Photographic Resolution Limited By — 

1. Building and equipment vibration and camera shutter vibration. 

2. Poor surface quality (greater (poorer) than 0.1 wave flatness) 
of mirror, particularily in pheripheral areas which were in- 
cluded in the optical path of these tests. Also, the surface 
was badly scratched, pitted, and discolored. Further, during 
each test, the mirror accumulated to a greater or less extent 
a thin film of fog by condensing volatiles released from other 
materials contained within the heated enclosure. 

3. Thermal gradients within mirror and somewhat non-linear thermal 
gradients within the two vacuum window units. 

4. Lack of achieving best image focus because of a continuous 
change in system focus resulting from the vacuum window 
thermal gradients. 

5° Lack of achieving best image exposure on the SC-243 film re- 
cord of the photographic results. This was caused by foreign 
material deposits on the mirror surface, optical path vignetting, 
and the use of two heat reflecting coated (light restricted) 
vacuum window units in series. 

6. Accumulation of dirt, lint, oil films, etc., on the vacuum 
window surfaces and various lens elements. An attempt was 
made to keep the windows clean, but nothing could be done to 
clean the interior of the lens. 

7. Mirror flexure pivot supports were somewhat loose and per- 
mitted mirror vibration. 


Note: Numbers 1, 2, 4, 5, 6, and 7 should not be present 
in actual system operation. 


E. Mirror Thermal Gradients 

The exact difference between thermal effects on the mirror for 
the case of heated versus non— heated cavity walls is hard to de- 
fine from these tests. In the oase of measurements made with 
thermocouples that were buried within the mirror, l/4 n from the 
front face on 4* diameter and 8" diameter isotherms, there was 
no apparent difference in any of the isotherm temperature readings 
for the case of non-heated cavity walls, but about a 1°F differ- 
ence in several of the readings when the cavity walls were heated. 
For the case of ; surface temperature measurements, taken on the 
back side of the mirror, the effect was moire noticeable as shown 
by the fact that a maximum gradient (read from center of mirror 
to chamfered top corner) of 14®F was measured for the case of 
heated oven walls, and only 8°F (4# reduction) for the unheated 
ease. 
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E. Mirror Thermal Gradients (Cont'd.) 

Regardless of the gradients obtained in this test series, the 
data is probably not too meaningful in terms of predicting what 
can be expected during actual operation since the rate of mirror 
heating and subsequent thermal gradients will undoubtably be much 
less in actual operation due to the operational mirror preheating 
cycle explained under Step C. above. Further, the actual Oven-Bay 
to mirror geometry is considerably different in the case of con- 
figuration hardware which will also influence the operational 
temperature gradient. 

Vacuum Window Thermal Gradients and Heating Svmetrv 

A general summary of the vacuum window gradients and possible 
degree of heating symetry follows: 

All data is based on tests using low emissivitv cavity walls. 

1» The maximum temperature gradient from center to edge 
of the window was — 

a. -28°F inside the oven and -10°F outside the 
oven (in lens cooling cavity) for the case 
of heated oven walls and was 

b. -23° F inside the oven and -4°F outside the 
oven for the oase of a non-heated cavity. 

2. The largest difference between four edge temperature 
readings taken at 90° intervals around 360° of the hot 
side of the vacuum window was 6°F in the case of a 
heated oven cavity, and 4°F in the case of non-heated 
walls. 

3. The maximum amount of apparent unsymetry in center to 
edge gradient on the cool side of the window (inside 
lens cooling cavity) as determined by the greatest 
variation in edge temperature from an average edge 
temperature was about 6°F for both the case of heated 
oven walls and for the case of non-heated walls. 


From this data, it can be seen that in these tests a slight 
improvement was obtained in terms of smaller thermal gradients 
and perhaps greater heating symetry in the case of non-heated 
oven walls; but, since the actual hardware geometry will be 
different, it cannot be definitely concluded that non-heated 
Oven-Bay walls are an advantage from this standpoint. 
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G. Heated Cavity Wall Comments : 

On the basis of the film resolution data and the miscellaneous 
window and mirror gradients obtained on these tests, and dis- 
cussed in orevious sections, one might conclude that non-heated 
oven walls are definitely superior to a heated cavity and that 
accordingly, we should not employ a heating blanket in the Oven- 
Bay. In the actual case of operating with configuration hardware, 
the situation will be different. As previously explained, the 
mirror will be preheated and will be moving, and thus the tempera- 
ture gradients will be much smaller even with heated cavity walls . 

Of even greater significance however, is the fact that these tests 
included no data on the effects which thermal gradients in the 
main optical window will have on the system or on the effects of 
fairly large heat leaks in the Oven-Bay walls. The actual opera- 
tional performance of our system will be influenced by both of 
these factors which originally formed part of the justification 
for oven— wall heaters in our design. 

In terms of possible benefits to the optical window, heating the 
oven walls, will reduce heat flow fr m the main optical window 
which in turn will minimize window thermal gradients (See Step P.3. 
Below) . Relative to oven-wall heat leaks, the actual configura- 
tion wall hardware is very cut-up and is not a uniform wall 
thickness; also, it will be further complicated in respect to 
heat leaks due to the lower convection barriers. Oven— wall 
heaters should definitely be advantageous in countering the 
effects of heat leaks from this construction. 

Tentatively, it will be planned to be able to operate either with 
or witi ut an Oven— Bay heating blanket in the Model configruation. 

H . Cven Cavity Wall Finish 

Clear, evidence was obtained that a low emissivity (this is, such 
as can be obtained by a shiny polished aluminum surface) oven cavity 
produced lower thermal gradients, particularity in the mirror, than 
did a high emissivity cavity surface, and accordingly, produced some 
improvements in the photographic resolution of the tests. This effect 
was much more pronounced, as would be expected, in the case of heated 
oven cavity walls, in which case about a 30% reduction in the mirror 
rear surface thermal gradient was achieved with the low emissivity 
cavity walls. No problems of light scatter or flare was evident 
during use of the pol ' shed aluminum walls. 

It will be planned to use a low emissivity oven cavity surface in 
the configuration. It might be added that this feature also makes 
a sizeable reduction in total heat input to the system, which is a 
desireable characteristic. The desireability of a low emissivi-f# 
cavity surface was also formerly shown by computations. 


Approved For Release 2002/10/16 : CIA-RDP67B00511R0001 001 4001 4-1 


Approved For^^ase 2002/10/16 : CIA-RDP67B0051 ^00100140014-1 

Simulated Oven-Bay Thermal Teat Results —10 July 31, 1962 

JJM-318 

I. Vacuum Window Heatera » 

One short test was conducted using the heater coating on one of 
the thermal vacuum window units in an effort to reduce thermal 
gradients between the inside glass surface and the heated cavity 
surround. The heater and control circuit worked perfectly, but 
the rapid thermal transient and miscellaneous thermal gradients 
imposed on the window caused complete loss of image resolution. 
This effect was most clearly observed by inspection with the 
microscope and it persisted for as long as 10 minutes following 
turning the window heater off. 

It has been decided not to use these heaters on the configuration 
hardware in which case the vacuum window surface will operate as 
a floating thermal potential influenced only by the relatively 
mild and fairly uniform heat fluxes it receives from the oven 
cavity. This will result in a thermal gradient as high as 250°F 
between the window surface and the walls of the oven cavity, or 
about one half this amount between the window surface and the 
Oven-Bay ambient; however, there is no evidence that this large 
temperature gradient will result in degrading the image by caus- 
ing atmospherio turbulence in the optical path. 

J . Optical. Window Emlssivitv 

Even though it is currently planned that operation will be nec- 
essary without a true low emissivity coating on the main optical 
window, a series of tests were conducted, as a matter of interest, 
using a low emissivity source (bottom of the test box) in con- 
junction with low emissivity cavity walls. Considerable improve- 
ments were noted over those tests where the source was of normal 
glass emissivity, namely: 

1. The mirror rear surface thermal gradients were 
reduced about 40$ in the case of non-heated 
cavity walls, but there was little or no change 
in the case of heated cavity walls. 

2. The total power input was reduced perhaps about 20$. 

3« The average mirror temperature was reduced about 50° F 
in the case of non-heated cavity walls, but little 
change in the case of heated cavity walls, 

4. The center of the inside surface temperature of the 
lens vacuum window unit was reduced about 90°F in the 
case of a non-heated oven cavity wall and about 30° F 
in the case of a heated cavity wall. 
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J. Optical Window Emlssivitv (Cont'd.) 

While this data shows it is definitely desireable to have a low 
emissivity on the surface of the main window, optical considera- 
tions require that this be accomplished by means of an extremely 
thin gold coating, and thermal test experience has repeatedly 
shown that these thin coatings do not serve to thermally provide 
a low emissivity source. The thickness requirements for thermal 
considerations are at least 1000X greater than can be tolerated 
optically. 

K. Focus Shift 

A focus shift of approximately 0.014” maximum, in the negative 
direction, resulted from the thermal gradients produced in the 
various optical system test components used in this test series. 

It is believed the major influencing factor was edge to center 
gradients in the two vaouum window units which in effect added 
optical power to these four pieces of glass 0 Since the eventual 
system will use only one vacuum window unit in series with the 
main optical window, and since it is hoped to avoid a gradient 
in the main window, by proper emissivity control around this unit 
and by employment of a heated interior oven-cavity, the opera- 
tional focus shift due to thermal environment may be less than 
this 0.014". In any case, a value of 0.014" does not appear 
unreasonable. 

L. Temperature Controllers and Sensors 

The action of all temperature sensors and controllers for both 
the oven cavity heating blankets and the lens cooling air pre- 
heaters were entirely satisfactory. The control sensitivity 
was within the design specifications established for these 
systems . 

M. Heating Blanket and Air Pre-heater Power 

While the test system oven-cavity was not exactly like t the Oven- 
Bay hardware intended for operation, it was close enough to verify 
that the computed value of 700 watts for the capacity of the Oven- 
Bay heating blanket will be satisfactory to control the oven walls 
at the same temperature as the optical window through the entire 
period of transient heating. 

Based upon 78°F air supply to the lens cooling air pre-heaters 
a total pre-heater capacity of 100 watts for front and rear lens- 
duct air pre-heaters (60 watts front and 40 watts rear) will be 
satisfactory. The steady-state temperature control set point for 
the lens units should be somewhere between 83° F and 85° F, the exact 
value is not important. 
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N. Vacuum Window Heat Gains 

Maximum heat gains through the vacuum window units to the lens 
cooling air systems will be in the order of 150 BTU/hr. ± 100 BTU/hr. 
for each lens system, depending on the level of vacuum in the 
window units. Failure to achieve high vacuum in the window units 
will not result in serious heat flows, air turbulence between the 
pieces of glass, or other thermal-optical degradation. Maintain- 
ing a good vacuum is desirable from the standpoint of raising the 
temperature of the glass surface inside the oven cavity thereby 
reducing its thermal effects on the mirror. 

Employment of a heat reflecting coating on these window surfaces 
is essentially non-effective from a thermal standpoint and accord- 
ingly if significant benefits in terms of increased exposure can 
be derived by not employing these coatings their use, at the vacuum 
window location, can be eliminated. 

O. Surface Temperatures 

Considering differences in geometry, weight, thickness of thermal 
insulation, etc., between the test cavity and those used for com- 
putations on the actual hardware, the experimental data temperature 
measured on various surfaces agreed well with those anticipated 
by computation. For a compilation on some strategic points, see 
Table I. Also attached to this report are temperature curves 
drawn for tests #13 through #18. These tests cover the cases of 
high and low emissivity oven oavities, both with and without heated 
oven walls, for the simulated oase of a high emissivity main optical 
window. Also plotted on the curves, as a function of time and 
temperature, are film and microscope resolution values, focus change, 
lens temperature hisotry, and miscellaneous notes applicable to 
each individual test. The curves identified as "aim curves" are 
based on computations of expected performance with the actual 
hardware. These curves are typical of all others conducted in 
the experimental program. 

P. Miscellaneous Findings 

1. All materials planned for use in the Oven-Bay must be care- 
fully selected for compatibility of operation in an environ- 
ment of 500°F and 1.5 psia. All parts of the entire Oven-Bay 
assembly must be degreased or otherwise cleaned and pre-baked 
at 500°F - 600°F for several hours to thoroughly remove all 
materials which volatilize below 500°F. Otherwise, these 
volatiles will condense on the cool mirror surface as a re- 
sult of the mirror thermal time lag during system operation, 
and will greatly effect the light intensity and exposure 
level. Also, this film of condensate produces a very diffuse 
type of light souroe which in itself degrades the image quality. 
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P. Miscellane ous Findings (Cont'd.) 

2. The high mirror temperatures can result in blistering of the 
aluminizing and silicon monoxide overcoats on the mirror sur- 
face. This effect became noticeable between 400°F and 450*F. 

3» The wide ranges of cyclic temperature on the mirror can result 
in loosening the flexible pivot mounting bolts. This causes 
lack of mirror support with subsequent inducement of mirror 
vibration. 

4. The outside surface temperature on the first piece of glass 
in the vacuum window unit, if not cooled by the lens cooling 
air system, was warm enough to cause severe atmospheric boil- 
ing, in the optical path outside the vacuum chamber, at 14.7 
psia ambient pressure. This resulted in complete loss of 
image resolution. However, operation of the lens air cooling 
system wherein cooling air is injected into the cooling cavity 
located between the outside surface of the vacuum window unit 
and the first element of the lens, prior to its passage along 
the lens barrel, completely avoided this problem even at the 
high pressure level of 14.7 psia. This offers positive proof 
that this air cooling system will cause no image loss as a 
result of air motion particularly when the actual system will 
be operated at a pressure of only 2.0 psia. 

5. The striped pattern (.345” vide stripes and .015” clear spaces) 
used to make a heater out of the heat reflecting coating used 
on one glass surface of each vacuum window unit caused no 
apparent optical image degradation. 

6. The injection plenum design used to first introduce the lens 
air cooling air into the lens vacuum window cooling cavity 
(forward of the first lens element) will provide a uniform 
distribution of air around 360°F of the cooling cavity. This 
was checked by observing various cavity surface temperatures 
following the injection of a supply of heated air. The lens 
cooling air pre-heaters, located in this plenum, were used 

to heat the air which in turn offered further evidence that 
the heater design provides uniform heating of the lens jacket 
cooling air. 

7. The use of thin plastic sheet materials such as .003" poly- 
ethylene tubing for the lens cooling air ducts can cause 
serious air "flutter" particularly if a slight bend is made 
in the direction of air flow. In no case should this type 
of ducting be used, as has been suggested to conserve weight. 

8. These tests were all conducted with a uniform power input to 
the bottom heating blanket. This heater was used to simulate 
the heat input which will occur from the main optical window 
in the actual vehicle. In all torts a substantial gradient 
(50°F - 100°F) occurred between the center of the bottom and 
the edge, even with the constant power input surface density. 
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Po Miscellaneous Findings 

8. (Cont’d.) 

This would indicate strong convective cooling effects which 
usually occurs in a cellular-type pattern inside enclosures 
of this type. This effect was less pronounced in those tests 
where the inside cavity walls were also heated, and thus lends 
support to the use of a heating blanket for reducing window 
gradients in the actual vehicle* 

In the actual vehicle, the power input density will undoubtedly 
not be uniform but will mfist likely be higher at the edges. 

This, of course, is in the right direction since the additional 
inside cavity cooling effects at the edges will tend to cor- 
rect this situation resulting in less window edge-to-center 
gradient than would otherwise exsit* 

9. An interesting observation made during these tests which may 
prove to be practical significance in reducing center to edge 
gradients in the windows was made during Test #17. It was 
noted that one thermocouple used to measure edge temperatures 
of the vacuum window, inside the oven cavity, was reading as 
much as 10°F lower than all of the other edge thermocouples. 

The reason resulted from the accidental protrusion of a 

l/8 x l/8 mesh fine aluminum wire screen in front of the 
thermocouple* It would appear that purposeful employment of 
such wire mesh in front of the windows, with perhaps graduated 
mesh density from center to edge would greatly reduce the 
actual window thermal gradient. A loss of light would re- 
sult, but the loss would probably be tolerable. It is doubt- 
ful that a serious defraction pattern would occur for locations 
ahead of the lens. 

V. Experimental Set-Up and Test Apparatus 

The attached schematic sketch shows the general arrangement 
of the test set-up. Following is a description of the major equip- 
ment components* Photographs of the apparatus were taken, but are 
not being made part of this report* 

1. Image Source 

U.S.A.F. 1951 resolution chart (reporduced 4 J 1 lines/mm) 
projected through the special 84 M collimator test fixture 
system by means of either a 1 ms strobe light or a 500 
watt tungsten filament bulb. 

2. Vacuum Window Units 

P-Model design Drawing Number P-700-D-001, two surfaces I 

coated with special gold heat reflecting coating. One 
of these coatings, on each unit, was scribed to form 
coating stripes to be used as a heater for these windows. 

Approved For Release 2002/10/16 : CIA-RDP67B00511R0001 00140014-1 


Approved For 
Simulated Oven-Bay Trae 


base 2002/10/16 : CIA-RDP67B0051H 
ermal Test Results —15 


|0100140014-1 

July 31, 1962 
JJM-318 


(Cont'do) 


Mirror 


2-3/4" overall height (l/2" minimum thickness) ribbed 
aluminum unit, Drawing Number P-400-D-104, provided with 
a fused porcelain surface followed with a series of silioon 
monoxide coatings (polished between coatings) then alum- 
inized and finally overcoated with silicon monoxide . 

Surface, prior to test series, exhibited visible crazing 
and was considered unusable for flight testing in P-Unit, 
Optical flatness was within 0.1 wavelength in center por- 
tion, but questionable in peripheral regions. 


Special Test Assembly, Drawing Number T-137, mounted to 
one of the side walls of the vacuum box enclosure. 


Special 2’ x 2* x 2' x l/8" thick wall aluminum box rein- 
forced with 2" x l/4" aluminum r ibs on 4.8" centers, one 
wall removable per Drawings Numbers T1-P-700E?145 , -146, 
and -147. Box insulated with 2-3/4" thickness of Owens 
Corning CM-215 insulation. All walls heated with special 
Chromolox, fiberglass coated resistance wire mesh heating 
blankets (See Step V.ll. below for power) . Temperature 
control provided with Minco Products #S8B sensors and 
Harrell Model #TC-100 relay type temperature controller. 
Inside cavity dimensions 1.5’ x 1.5' x 1.5'. Inside cavity 
wall emissivity provided by special finishes on 0.020" 
aluminum plates located against face of heating blankets. 


6. Lens 


J26, f/4, 21" lens, air jacketed, F-Model design. 

Camera 

Kodak Signet 80, lens removed. Focus controlled with a 
special micrometer screw arrangement and dial gage in- 
dicator. 


Jeratui 


Her and 


P-Model air jacket design per Assembly Drawing Number 
P-700-E-035} 60 watt front jacket and 40 watt rear jacket 
heaters Drawings Numbers P-700-D-036 and P-700-B-079; 
Minco Products #S9B self adhering temperature sensors 
and Harrell Model #TC-202 proportional temperature con- 
troller. 
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V. Experimental Set-Up and Test Apparatus ( Cont ' d . ) 

9. Microscope 

B and L 100 power. 

10. Thermometry 

30 gage copper-corstantan, fiberglass insulated thermo- 
couples attached with special aluminum coated fiberglass 
high temperature adhesive tape (°D455). Readings recorded 
by a Minneapolis-Honeywell Type 153 Universal Electronic* 
Multipoint Temperature Recorder (0°F to 500°F range). 

11 . Heating Blanket and Air Pre-heater T empe rature and 
Electrical Controls 

A special electrical control box was fabricated to include 
heating blanket, lens cooling air heater, and vacuum window 
heater temperature controllers, relays, "on-off" switches, 
reference resistors for lens air heater controllers, and 
miscellaneous interconnecting control wiring per Wiring 
Drawing Number T1-700-D-222® The blanket temperature 
sensing elements were purchased from Minco Products, and 
the temperature controllers were purchased from Harrell. 
These are the same units that will be used in the actual 
• configuration® The cavity wall heating blanket electrical 

power consisted of a regulated 130 V, 1 PH, 60 cycle 
supply to the primary of a transformer, and 27 V secondary 
supply to the five cavity wall heating blankets during 
automatic operation® This provided about 700 watts total 
power to the five cavity wall blankets® The reference 
heating blanket, on the bottom of the box, was furnished 
with 130 V line power stepped down to the desired level 
for achieving the time-temperature reference aim curve 
by means of a manually operated variac. Electrical supply 
to the lens cooling air duct heaters and vacuum window 
heaters was a 2? V dc source chopped at a 400 cycle rate 
by the Harrell proportional temperature controller. 

Maximum output voltage from this controller to the duct 
heater is about 25.5 V. Total maximum power to the lens 
cooling air pre-heaters was about 100 watts (3.9 A). 

12 . Vacuum Source 

Nelson Model #911 vacuum pump® Vacuum measured with 
0 - 29.9" Hg calibrated vacuum dial gage. 
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V. Experimental Set-Up and Test Apparatus (Cont'd.) 

13. Cooling Air Supply 

Six pounds per minute (3 pounds per minute to each vacuum 
window cooling cavity) metered through a Fisher-Porter 
Flowrator from the 80 psig building air supply facility. 
Air cooled to 75°F - 78°F, prior to use, by passage into 
a ”can-interchanger" air-cooled on the outside by air 
ducted from the building air conditioning system. 


JJM: rkg 
Enclosures (8) 



Approved For Release 2002/10/16 : CIA-RDP67B00511R000100140014-1 


TABLE I 

TAbuuTm^ F or^m c wmf^ 1 7f!rcoMPijr^D 

TEMPERATURE'S* 


■ OCATIOM 


MIR FOP A '/ERASE 

CENTER or VACUUM WlNL-n-V 
S U H FA C t i M i- i C€ CV€ M CA t'/T V 

ES’SjE OF VACUUM WINDOW 
SUFrAT iNS!C£- LENS codling CAVtry 

ove n CAV /TV A M ft It NT 

OVE-Ni CAVITY wall surface 


TEM FE’RA T Vfrg C F F OLLOWINli 8 HOURS Ht AT/N(f 
BLACK OVEN CAViry" £j -% SHJKI'/ OVEN A V? r -y <f S' ' I 
tit at. c fAteh/mour mi a. *m$ wir« heatbo u'aui Ivv/rwror nfi*Tro ivauL 


^OMPs^fiD fAcAs-UtfFD Or*M? yJTC M£AUJfsr'D P MSAlvA-TI, ’OlFuTf.p MLASi/ALXL- 

235 500 202 200 2-10 270 135 190 

445 410 138b 300 4 as 390 395 32# 

| { | | 

157 I0E I 104 35 I 106 IOS 104 104 


ovru cavitv ambient 430 I 470 j 367 360 j 420 460 342 350 

cwetm cAv'iry wall surface 490 490 j 410 360; 475 490 ~35s""340 

COMPUTE D VACUUM WlNDOvV CENTER. TO ED 6 ;F TEMrERATUFc £ 5 jRADiC'.;T AT ^00 C F - - 2 * 1 °F 


MEASURE F RACUUM VJtHLOW CENTER TO TORE r 'E hWERA Tipr ,2 


AT AOCf'F ~ -29 


* N/OTE ; i HE EXPERIMENT AL 5 E.T-UP USED IN T'Hfc SC TESTS WAS NOT DELikjNsit- ~*'0 

o 5 ° wh v m* S f M a-t^AT 4 *• s^iLA.fciry TO rm actual HAKDvmir 
ON WH.C.H THE MAT He. MAT ICAL MODEL FOR, COMl-ITAr lOli WAS BASED- 


Approved For Release 2002/10/16 : CIA-RDP67B0051 1R000100140014-1 


7/35 A' p 


' Th , . " TMSzmv 7>H&7Z>a 

M/&P £*/*$/ wry fezm) tEFBZeHce BtAMsm cPty Ft>**£&e£> „ p~/ 

COW £Hi$£lv/ry(£tt) pl/£zrt <ZASsTy u ^ \> 

le w £-jc//f :/y/? y '£ x ./) A' 0 ##or< TJ 

4 r t * 


prsr ^/3 - U 6 */&i - /SoTM 

iPS/A • 5^// CQmcueo TZnR cocuH^AtZ T%£ 

^ ll*~ 3 ** / // a fftf,t l vr** rr - r st.£& " " " " > 


mg 


fv>s t^‘ uj*»m 

rrAr# t/ 0 r- 't-VAfcct 


^ ... m ~ 


Lj 

w 

eC - 

^3 

:.nK 

Oo^fcle /*< 

m 

©7 


Sv' 

pr -- 


erl<je 

/«( UJitiflcMjl 

er 

^3 


J 

Bh'Z* 

^7 

Cei-'ht 

/^T £ Ipf-iftT 

ez-'o 

£5 

iz 

\ 


'- * ( /t 


/u- u ,., r. 

&1- 

83 

7 


8 1 -iT* 


t /4iv 


07- 


>■ 

■«• 


' A.» Af» 

* £r^T(f k M»i Vw 

^80 

80 


\ 

8o-s“' 

rt^e 

c< “*f Zf’iiV B«vve 1 

ei 

ei 



sr -. 

*/i< 

Air £ 

Fvck*A ^ 

8l 

G\ 



-77* : 

# 2 

q 

J.JeT (\>*rptf) 

77 

77 


#/4 Barron Stx^e (ONOCR MIRROR} 


jf&jz Barren aenrER. 
’•^9 Bottom £o> 0 »B 


y y 


■•■> //'/*' 

A 


rc v» cenX^S- 


-*// "lu//Jt.L. ?£HIHQ Hlftfioa 

, - - 


£"** ^,,r 

Cr.fe.AVIt/tT 


-f 7 

6 ,nAo>&h>r 


>r»/7 /4M&<gNr 

f 

*zo c&qjre/i. ccn imc* t*J^OotoQ^s : ((>B Ju«f4ce^ 

r#q ilM LL Jl 5 .. »> HO .. . * 

^ (NCHfi Support Tufc£"> 


*V> *>^> 21 ’ t 

7 r /i/x. 

/ AM * 6,»VAt»6r»r 

,<r OtMOicar 


a a^-v (u^ 

: f "' - 

Tam* 7 

Cim-d-hT 


rP ,nce£Oii^. e,( e , f-‘' r * 7 .JL Tm< X 

LD t - 7.1 fc-4« «*«_ USE**- ^-<0 

7 C W* 7 wx ^«4tifc-/fr 4^wcrf» <- £fc ar, So^AfJ? 

6ff*p»tf»r 6®*P»r/fr Cf MU' OCll^ 

rt & 

,Hojc. % Mw G.izettcuT - (c~* z\ - cenre.fi of 

/tfWQIl TD CHA(V*iti€Xz TtT* C Cft .Aft 7< 


? O 3 o </o j>Tj 


4*h#? 5 / ? 

'H ► k 





■o 90 AO //S /2Q /2?0 /</0 ATO 

A/rT£ :^rr«.t«s 5|[_A T fV£*c TtlT ? -&Clo“ 

\?)fh lA$v*L BoCFa*^ OF- hi (id on poAtntf TEiV 

♦,< i 

XiHbj ( &*** : f'SV P? THAn% 0 ^uH£R) r)g\ -2 


^7G0t&*rr$ T~or#L r¥>Qr tem/St aca 

S' f s • 1 5, 4 ? 

i p- ^x‘ ^ ii'si ^ i>q - 

> s\. ^ -; ^ «. 

iri ii«* <*u n*. 

** t- M>* 54 t;,H 

V 5 ° ?■&!> CtTn'frr Owfzirle Ifac lDi‘nde**J <%>(. % 

9 i° r vs~ &Ayt Coi%Je tAc tx>,^o^o 
lo ^ # 3 °“ ftl cenirv /ZTL*m Eiemerf %z 

^ S > ^2> S P/O S'A^fi I^Le^w, ‘gZ'E 

S B Uj Vi°-*/> Air l<*vt*<iCcoh** Ceu'tjy 9 / 

ki ^ TfrFftT /tr ftivt- En4rnMj pe«v of Le<*i") e f 

£ Jjtf B«rrel ?? 

l-v ^ ^ Air Enk «i^f~ fye*\ i.e*i» fro 

"" ^ ^ m* titty A* r^fei" Syply 74 » 


/JttMLWL - rrfOt 'CUK**WC 7 fS7Wf ‘. /V//?^ - /S&>3 

J &***?*& fe *0‘f)W* <c**,ry . 

&jr#&n, j ^ £M*st**ry ferc-i) ; /=>* /r/ 3 *t ' * 3 ^ 


- 7$Wmw7M ££»$ 

1 -rpM!*. 

r 3*t/h>sS LWfiHt *&(££> TA 


MllZfcOR^ 


$1 /DP cehtzK 


#> 



/ TCR c. 
£#Z fx>yrot- 


c-ttaorz. 

)M ccntli^ 


*£*5 1 

D 7*Mr>. f&uA/t,* 7b tens 

'&et£> imp. ‘W >• ib trk m •• *i! 

^ * f/rltriil Ho MlCiROtZ F COiCitrtC^ 

£ Q *" % 6? w o TrtAC\€ ^ ^ s - <-' n F 

i. All rft£ km 7 r^cv^h 

"Vv.i 7£*r\ 



'Hr 

Et 

/CXf 

<6* 

SWT 

W 


W 

?JT 

%i 

2/ 

Vi 

5 | 

%-L 

87 

7V 

77 

Ml ft TO f wr ft £ ^rt %.% 



7sr 

H-^uatts, 


y #*7 EcTTOtt E o& t E 

y Zcttcoi £&<>£ (cw£f<t j rr//zetio<) 


£* ** WAL lJitHlHD fi/eeca (HEAR, ri / (?. KO(^ -p^ 

! ; w , eFzo CEnrek. u.ns> vacoo*/ \ajihoi>uo r^x 



•f 

4° MA* 

GjitAvienr 


■ T ' 

fO° /1AK 
ChiZAC’iEnr 


- — T 

Jl^/fAX 

cn^i^r 


,M, f<J££ 

% ‘ 


^ 4 ,/?A 57 L' 

*«*>->- i 


• t 

li 6 Af4X 
6,/Mtit-Hr 


MH/a* 

6,/iAist e hV 


/V°M44 

Q/VAUO/r 


I FH/1AX 

I? 0 MAX OmUuK:.mT 

0,/ZAVIttlT 


n*nA< 

6,kAfyiUlT 


f 

Jo c H AX 
Oj^A'.ltMT 


l v tiAX 

*7° ft ix C-'fsAsHnr 

Cf!'AT\ft:"r 


To CHAHFtJi l O 


V-X/S-Y 46 »- 3 T*« «**t* '* 4 - 4 ST— >» 1 « 4 ( 0 *. 

t*«; i.*.' Lf^^ l «'. ‘.^.l -". v . .• .; ^ ! ^ 


^?J ^ ^ 7,0 

7 ///,r - rf/.^ri ’L 


'^ZnZ VSmftc, Yba*^ 


/ ^ v. 


y 2<15 /3 




***** /*/**>*- /sor#e*"ML &» s 

C^i/^wtry .$■ ) Qtf£// C4*s/ry mjk > *~ /SP£>M • _ ^# / ^ /// /it/tct u& T€Mk \- ^cv.^4 /^/>2 7(6 

'/L-*io {£'*? ,/)rf *£&&/?_ ^ w \£ . J\£ /// r jj.*j. rcNTJWUf*} ^ •• *• 


o ££rt*$ £'#r^j/s/&j/.rj 


V 79 * "i /W> U cf Coheir Cf «*w/ 5 .- 
^ 7^ ^ iT Dvkrlp c{ l/6C-lC'*,A. £^— 

' '? 79 *7 /"<“**•. i*t /ZT L^,% £/?»,*«+ %-V- 

C-T */d> £^<* /f /i/* /#».,£ g- “i 

Vlvs ^ * /i_ ~ A>* //**>"* j Cc*h»y Cal By y~L. 

7 J /<* Hnt Sn4*i*y j?e*v c( Lf«S 7 9 

^ 7 / //t flfffj A -"4 J?^ r v e / £ i 

A. %} p !% /Jn tA<K*TT fytw' Le >’J> *> / 


7 S ft 2*4 fit* Sotfty A A, 


V>uill Hb tnTKi 


< £ (ff mi pact 

7 fc sr 


TL-.r (*U-)C<i 


VliS Lt'A*. !H 
siiht, CAjr>ry 
M/h. riAtiii. 

K. ‘A «, Lccr.-iT 
'i'h /NC) f/i y r " 


A -^2- f? <o r ro n c&nre.r^ 


- # m ScTTOh E&6>£ (Ufivm MHtROR.) * Z. 2crTOH EfrC^g 


f ^ 


* 

V // 

,■*■ /SA 

/✓/ 

4 / / 


*7 F^X T^'7 J c c n r t ^ 


#// p I?£H(MC 

*«$ ^ 



b O* tfA < 
G/nwtr 


Bt h >^ZT r-iTr?. a ojZ 


^, 7 ? 4 h/AC(- efw/fu 
. -y*(H£Ai z S upper ? t rt^s ?rj 


H l K u 

, t .«A7 ''■/''' r-'" T 

— — r V "“ ’ f/MK 

7 ° 7 /x JPiZuMr 7 '^utNT- 


9 fi ffAn ,,, Ni w f 

6 ,£Abi 6 nr O/rAtitur 




-'•£7.7 /MQiehT 


rp 2 V ctfh UL Ze t !<Z" VAC . H me.- Ai J 


t( , c r ^ 

— yj\ y t? J, , (e'fA'i, --r 

^ K£>< - 7 . 3 /- - Cn***MT l. 

7 0 ,r,£urr (^n-t>r **? - Itt,r 

fore o Ap u x 0?bAt>ift'T - 

/jj/Pi c fc TT c . ft/th 


*£-** 2 % 


C£NH tC. > 
CCJZbL t\ 


/*Q S 3 Q 


s«»^r 


- 5 


S» - — •• j 

£y>te. 5- < 7 77 a/A ( BA S/S -• / A' tc%T7c> ///// /; y 




7UfiL Uv<> 7L>tP. 


/~quj t n'^Qu 
&€F£8 CMCj£ 


<C£ 3 U>mvr^HOf ptu*dmt> y rr .,T»,.,< ^ 7/7 C . . . 7 , X /7 

/(. • '< ^/’'AV 


“ r '/‘ 3 J /-r^ / ,</■?-/ * 

I ■■ 


r/tf 

C 7'/H~ 


■■r of ££»£> ^yy/'6 JJr/'fT t 


7-?c~u% 


9 ? 
<60° 
1^ Pc? 
* 7£* 


£?jd 


ijXO 


3c O 


^ Zx'O 


/ C.} 


*7 -- Ce>M /^ r /^ ° 

rto ; Ety /sf £fav2lf ?j a 

tf/h- -' lt/uvf~/ /hr Q’ j n 

: /h i+K^rf *u/f j^Q 0 

'h'j ( .Jr-/ 2~ [ t 


^ a 

3S° 

7'2'S° 

yte 

?/° 

2}° 

/4Z° 

22 2 11 


5/ ^ 


3* 


33 


?3 


tST"' 


/? m y* 


a 


5.1 


-/• ■'■• i 1 £. / <- .' 

FF t ; H L A 7 1 ' 


. €> 


/ 




- Rtn Points 


r 


# 2 E®r tom <re mt.ic (t t f t fd nc e N> 


*7 T< r CL flTU'L 


2 

-i° 


3 

-r 


4 

■--s 


3£ 

-JO 


.. / 


3° 

-/4° 




3 

-/fe c 




-3 

-;* c 


4° 

-vo* 


- 2 /‘ 


4 


,£?C ‘ : yr- r'Af S' /Aie-C •■ ". 

/rc-furuc Ut'<» l*C- 


& 




U-r. />.• //,'■/ P :"/ ■ 


*/ c 

/73‘ 


/'/c. — > 5/ / .•< .'2*7 

//.,/•/,< 5/ - SV - 

-- /sv d’ t( ,'„A«, A*t 

MU. 

r # /- ,/' V W 

: / 7 ,. / ? /;.y« -.,y, // 

//•■s. j,<k,-h 


■$*? VAX- L?/rF. /// T£f *}>{■: XA'r\trt% 

- ? 3 '' - CL H r U i ~r: i 00, K 'AXs<: nT 


rt- 


3>S* 


*z cttm a LCfc y^j 

—2.° C cocm's C A very 


. 21/ CL I k. ytAUn^c, 

yiNS>- * /V 


4 ;M/4 y * / :-i r. r r /i f 3 ?•••* f r t f ‘ T ^ 

U’lcc-'d ir, y ,n 'l a t >? -jc l- U- f 

CfCCvttcr azivt i nr AC. I let 'litre. 


/ 1 C ■ C f > ni i. . J C' L D/s t *" 4 _ i 


■ // 7 


C 


7 O 




•- ^'£V> 

ii \ ^ 4"cf*‘ frcTtnsu 

I ift in *ts »I 3 • 

i * /¥ 

v \ *§L / 

fllQC cl: FA ( IN () ? fA C. 

( /; L l T 1 1 n I - "■ Cr v i l t C foe fu f; t> trt 
M,py-u_ J/j ‘ /'<:•• ' f )/cn7~"‘ 
r * r e ’ ) 




l 

— — •C-ll— 





i. mah l Sd 

«s »j 

s/s ;!/ 


r ro 

£^5/ 

££" -7-i 


Lou> (£ r C- A Mt' S# 

~)OQ K/A r 7*5 X pCiOBft TW 


*+"700 .. 

w. t *A<,> 


Trip, A 



//y ty$7£M~ /$&TM€(Zri*c te * s 


#e*T // 

IV r 3 


y/ H /r 


to (jAioen s 

'ft/ t iftffrpftpt c r 


'oe CF £.£#<> r* 

-;■ 'rrHP />*/? r< - " 


7-24-6 2-^ 

JaW^ 7 * 'i| 

^V/jTyP /^- y 1 



VACUUM BCX trRi'c.TUfZAL £NcLOSUl<:£ 

Approved For Release 2002/10/16 : ClA-RDPeZBOOSIIBPQOlQai#^!^^ lN S n Um / 

« /■ SFSlA I . ^ , , j — / 


(f^ VAC JDVi Puk^ 


CcUihATOR 

Mjizao^ 


Collimator 
Slam ^futtcr 







/>\\ 


^/c,rtT -jcoiicCj 

IMMn€ TAUC/i T O H 
COLLtnfltXQ X, 


AE*r__ 
£x~CHAHQ£R. I 


glO Rt'Kj 

n 


5) A tie. syppi.y 


<£§°FJlK 

C CALAMI" 


a*iL<iPs wall $ top ritATiNLj biAriittru rv^ 

r— t MlOSWtiy CONT/iOLl* D M&TAL hrtL^ j 

££Trc*} ora r'LFbUt^O AT'Cf RLArlkfJ\ 

i (3/-M ICHOR - 

I [ v£-' Mi M<r>R. zuppoRT 

■ — (lo-TeHperun’fi? 

I | ' RecpKve'i 


LKhHT ftuHQie , 

Rrp filter V 


&4FF UT 


kV/NDOWS 


" # /mi^ /4n?. 

75-76°F 

2.6h*> SuPPOSiX-'*’ 


( 6 ) L£NS ' 


VolTAhe Re-ti, 


DC- Pcwek 

Surrey i 


CircrriiG* C j 

CCHTZOL% 


X.C00L1N6, 

8 ) Pee-tfe/rrEi?*, 

/i/iz. MANIFOLD 


V, Vj 

74 -O 

* $d 


SCHEMATIC DIAGRAM 

Of 

SIMULATED "OVEN- BAY” 'LENS COOLINQ 

THERMAL TEST SET-UP 


— I Film FlaNE 

(7) CAMERA 

(5) Microscope 




Approved For Release 2002/10/16 : CIA-RDP67B00511R000100140014-1 



